WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 
C25D 5/08 



A2 



(11) Internatloiial Publication Number: WO 99/41434 

(43) International Publication Date: 19 August 1999 (19.08.99) 



(21) International Application Number: PCrA;S99/00964 

(22) International Filing Date: 15 January 1999 (15.01 .99) 



(30) Priority Data: 
60/074,466 
60/094.215 



12 February 1998 (12.02.98) US 
27 July 1998 (27.07.98) US 



(71) AppUcant: ACM RESEARCH, INC. [US/US]; 43236 Christy 

Street, Fremont. CA 94538 (US). 

(72) Inventor: WANG, Hui; 38855 Utchficld Court, Fremont. CA 

94536 (US). 

(74) Agents: fflGGINS, WUlis. E. et al.; Cooley Godwaid LLP. 
Five Palo Alto Square, 3000 El Camino Real, Palo Alto, 
CA 94306-2155 (US). 



(81) Designated States; AL, AM, AT, AU. AZ, BA, BB, BG, BR, 
BY. CA, CH, CN, CU. CZ. DE, DK. EE. ES, FI, GB. GD, 
GE. GH, GM. HR, HU, ID, IL, IN, IS. JP, KE. KG. KP. 
KR, KZ, LC. LK, LR. LS, LT. LU. LV, MD, MG. MK. 
MN. MW, MX, NO, NZ, PL, FT. RO, RU. SD. SE. SG, 
SI. SK, SL. TJ. TM. TR. TT. UA. UG. UZ. VN. YU, ZW, 
ARIPO patent (GH. GM. KE. LS. MW, SD. SZ. UG. ZW). 
Eurasian patait (AM. AZ. BY. KG. KZ. MD. RU. TJ. TM). 
European patent (AT, BE. CH. CY, DE, DK, ES, FI. FR, 
GB. GR. IE, rr, LU. MC. NL, FT. SE), OAFI patent (BF. 
BJ, CF, CX3. CI. CM. GA, GN, GW, ML. MR. NE. SN, 
TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: PLATING APPARATUS AND METHOD 



(57) Abstract 



An apparatus for plating a conductive film directly on a substrate with a hairier layer on top includes anode rod (1) placed in tube 
(109), and anode rings (2, and 3) placed between cylindrical walls (107, 105), (103, 101) respectively. Anodes (1, 2, 3) are powered by 
power supplies (13, 12 and 11), respectively. Electrolyte (34) is pumped by pump (33) to pass through filter (32) and reach inlets of liquid 
mass flow controllers (LMFCs) (21, 22, 23). Then LMFCs (21, 22, 23) deliver electrolyte at a set flow rate to sub-plating baths containing 
anodes (3, 2, 1), respectively. After flowing through the gap between wafer (31) and the top of the cylindrical walls (101, 103. 105, 107 
and 109), electrolyte flows back to tank (36) through spaces between cylindrical walls (100. 101). (103. 105). (107, 109). respectively. A 
pressure leak valve (38) is placed between the outlet of pump (33) and electrolyte tank (36) to leak electrolyte back to tank (36) when 
LMFCs (21, 22, 23) are closed. A wafer (31) held by wafer chuck (29) is connected to power supplies (11, 12 and 13). A drive mechanism 
(30) is used to rotate wafer (31) around the z axis, and oscillate the wafer in the x. y, and z directions shown. Filter (32) filters particles 
larger than 0.1 or 0.2 /zm in order to obtain a low particle added plating process. 
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PLATING APPARATUS AND METHOD 
rROSSS-RFFFRRNCE TO RFTATF^D APPLTCATIQNS 

5 

BACKGROUND OF THE E4VENTION 

1. Field of the Invention: 

The present invention relates generally to a method and apparatus for plating thin 
10 films and, more particularly, plating metal fikns to form interconnects in semiconductor 
devices. 

7 Description ofthe Prior Art: 

As semiconductor device features continue to shrink according to Moore's law, 
interconnect delay is larger than device gate delay for 0.18 ^m generation devices if 

15 aluminum (Al) and Si02 are still being used. In order to reduce the interconnect delay, 
copper and low k dielectric are a possible solution. Copper/low k interconnects provide 
several advantages over traditional Al/Si02 approaches, including the ability to 
significantly reduce the interconnect delay, while also reducing the number of levels of 
metal required, minimizing power dissipation and reducing manufacturing costs. Copper 

20 offers improved reliability in that its resistance to electromigration is much better than 
aluminum. A variety of techniques have been developed to deposit copper, ranging fi'om 
traditional physical vapor deposition (PVD) and chemical vapor deposition (CVD) 
techniques to new electroplating methods. PVD Cu deposition typically has a cusping 
problem whidi results in voids when filling small gaps (<0.18 \xm) with a large aspect 

25 ratio. CVD Cu has high impurity incorporated inside the fihn during deposition, which 
needs a high temperature annealing to drive out the impurity in order to obtain a low 
resistivity Cu film. Only electroplated Cu can provide both low resistivity and excellent 
gap filling capability at the same time. Another important factor is the cost; the cost of 
electroplating tools is two thirds or half of that of PVD or CVD tools, respectively. Also, 
30 low process temperatures (30'' to 60°C) for electroplating Cu are advantageous with low 
k dielectrics (polymer, xerogels and aerogels) in succeeding generations of devices. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide a novel method and apparatus for 
plating a metal fikn directly on a barrier layer without using a seed layer produced by a 
5 process other than plating. 

It is a further object of the invention to provide a novel method and apparatus for 
plating a metal film over a thinner seed layer than employed in the prior art. 

It is an additional object of the invention to provide a novel method and 
apparatus for plating a thin film with a more uniform thickness across a wafer. 
10 It is a fiuther object of the invention to provide a novel method and apparatus for 

plating a conducting film with a more uniform electrical conductivity across a wafer. 

It is a fiirther object of the invention to provide a novel method and apparatus for 
plating a thin film with a more uniform film structure, grain size, texture and orientation. 

It is a fiirther object of the invention to provide a novel method and apparatus for 
1 5 plating a thin film with an improved gap filling capability across a wafer. 

It is a fiirther object of the invention to provide a novel method and apparatus for 
plating a metal film for intercoimects m an integrated circuit IC chip. 

It is a fiulfaer object of the invention to provide a novel method and apparatus for 
plating a thin fihn, with the method and apparatus having independent plating current 
20 control and electrolyte flow pattern control 

It is a fiirther object of the invention to provide a novel method and apparatus for 
plating a metal thin film for a damascene process. 

It is a fiirther object of the invention to provide a novel method and apparatus for 
plating a metal film with a low impurity level. 
25 It is a fiirther object of the invention to provide a novel method and apparatus for 

plating copper with a low stress and good adhesion. 

It is a fiirther object of the invention to provide a novel method and apparatus for 
plating a metal film with a low added particle density. 

It is a fiirther object of the invention to provide a novel plating system with a 
30 small footprint. 

It is a fiirther object of the invention to provide a novel plating system with a low 
cost of ownership. 

It is a fiirther object of the invention to provide a novel plating system which 
plates a single wafer at a time. 
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plated on one or more of the previous portions are plated as necessary to give a 
continuous film over the entire surface of the substrate. 

An apparatus for plating a film on a substrate in accordance with the invention 
includes a substrate holder for positioning the substrate for contact with a plating 

5 electrolyte. The apparatus has at least one anode for supplying plating current to the 
substrate and at least two flow controllers connected to supply electrolyte contacting the 
substrate. At least one control system is coipled to the at least one anode and the at least 
two flow controllers to provide electrolyte and plating current in combination to 
successive portions of the substrate to provide a continuous, uniform thickness fihn on 

10 the substrate by successive plating of the film on the portions of the substrate. 

In another aspect of the invention, an apparatus for plating a film on a substrate 
in accordance with the invention includes a substrate holder for positioning the substrate 
for contact with a plating electrolyte. The apparatus has at least two anodes for 
supplying plating current to the substrate and at least one flow controller connected to 

15 supply electrolyte contacting the substrate. At least one control system is coupled to the 
at least two anode and the at least one flow controller to provide electrolyte and plating 
current in combination to successive portions of the substrate to provide a continuous, 
uniform thickness film on the substrate by successive plating of the film on the portions 
of the substrate. 

20 In a fiirther aspect of the invention, an s^paratus for plating a fihn on a substrate 

in accordance with the invention includes a substrate holder for positioning the substrate 
for contact v^th a plating electrolyte. The £^aratus has at least one anode for supplying 
plating current to the substrate and at least one flow controller connected to simply 
electrolyte contacting the substrate. The at least one flow controller comprises at least 

25 three cylindrical walls, a first of the cylindrical walls positioned under a center portion of 
the substrate extending upward closer to the substrate than a second one of the 
cylindrical walls positioned under a second portion of the substrate peripheral to the 
center portion. A drive mechanism is coupled to the substrate holder to drive the 
substrate holder up and down to control one or more portions of the substrate contacting 

30 the electrolyte. At least one control system is coupled to the at least one anode and the at 
least one flow controller to provide electrolyte and plating current in combination to 
successive portions of the substrate to provide a continuous, uniform thickness film on 
the substrate by successive plating of the film on the portions of the substrate. 
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In yet another aspect of the invention, an apparatus for plating a fibn on a 
substrate includes a substrate holder for positioning the substrate above an electrolyte 
surface. A first drive mechanism is coupled to the substrate holder to move the substrate 
holder toward and away fiom the electrolyte surface to control a portion of a surface of 

5 the substrate contacting the electrolyte. A second drive mechanism is coupled to the 
substrate holder to rotate the substrate holder around an axis vertical to the surface of the 
substrate. A third drive mechanism is coi5)led to the substrate holder to tilt the substrate 
holder with respect to the electrolyte surface. A bath for the electrolyte has at least one 
anode mounted in the bath. A control system is coupled to the first, second and third 

10 drive mechanisms and to the at least one anode to provide electrolyte and plating current 
in combination to successive portions of the substrate to provide a continuous, imiform 
thickness film on the substrate by successive plating of the film on the portions of the 
substrate. 

In a still fiuther aspect of the invention, a method for plating a fibn to a desired 
15 thickness on a surface of a substrate includes providing a plurality of stacked plating 
modules and a substrate transferring mechanism. A substrate substrate is picked firom a 
substrate holder with the substrate transferring mechamism. The substrate is loaded into 
a first one of stacked plating modules with the substrate transferring mechanism. A film 
is plated on the substrate in the first the one of the stacked plating modules. The 
20 substrate is returned to the substrate holder with the substrate transferring mechanism. 

In another aspect of the invention, an automated tool for plating a film on a 
substrate includes at least two plating baths positioned in a stacked relationship, at least 
one substrate holder and a substrate transferring mechanism. A fi:ame supports the 
plating baths, the substrate holder and the substrate transferring mechanism. A control 
25 system is coupled to the substrate transferring mechanism, substrate holder and the 
plating baths to continuously perform uniform film deposition on a plurality of the 
substrates. 
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Method 3: Whole wafer surface is contacted bv electrolyte at beginning, and then 
portion of wafer which has been pla ted is moved out of electrolyte 

In a further aspect of the invention there is provided another method for plating a 
5 thin film directly on a substrate with a barrier layer on top, comprising: 1) flowing 
electrolyte on the full surface of a substrate; 2) plating the thin film only on a portion of 
the substrate sur&ce by applying positive potential on an anode close to the same portion 
of the substrate surface and by applying negative potential on all other anodes close to 
the remainder of the substrate surface until the plated film thickness on the portion of the 

10 substrate surfiice reaches a pre-set value; 3) move the electrolyte only out of contact with 
the all plated portion of the substrate and keep the electrolyte still touching the rest of the 
non-plated portion of the substrate; 4) repeat steps 2 and 3 for plating the next portion of 
the substrate; 5) repeat step 4 until the whole area of the substrate is plated with a thin 
seed layer; 6) plate a thin film on the whole substrate at the same time by applying 

15 positive potential to all anodes and flowing electrolyte on the whole surface of the 
substrate until the thickness of the film on the whole surface of the substrate reaches a 
pre-set thickness value. 

Method 4: A portion of substrate is contacted bv electrolyte at beginning, and then both 
20 plated portion and the next portion of the substrate are contacted bv electrolyte 

In a further aspect of the invention there is provided another method for plating a 
thin fihn directly on a substrate with a barrier layer on top, comprising: 1) flowing 
electrolyte on a first portion of the substrate surface; and 2) plating the tiiin film only on 
the first portion of the substrate surface by applying positive potential on an anode close 
25 to the first portion of the substrate surfece until the plated fihn fliickness on the first 
portion of the substrate reaches a pre-set vahie; 3) moving tiie electrolyte to contact a 
second portion of tiie substrate surface and at the same time keep the electrolyte still 
contacting the first portion of the substrate surface; 4) plating the thin fihn only on the 
second portion of the substrate surface by applying positive potential on a anode close to 
30 the second portion of the substrate surface and applying a negative potential on an anode 
close to the first portion of the substrate surface; 5) repeating step 3 and 4 for plating a 
third portion of the substrate sxuface; 6) repeating step 4 until the whole area of tiie 
substrate surface is plated with a thin seed layer, 7) plating tiie tiiin film on the whole 
wafer at the same time by applying positive potential to all anodes and flowing 
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A ppamtiis 1: Multiple Liquid Flow Mass ContrDllers (LMFCs^ and Multiple Power 

In a further aspect of the invention there is provided an q)paratus for plating a 
thin film directly on a substrate with a bairier layer on top, comprising: a substrate holder 

S for holding a substrate above an electrolyte surface; at least two anodes, with each anode 
being separated by an insulating cylindrical wall; a separate liquid mass flow controller 
for controlling electrolyte flowing through a space between the two cylindrical walls to 
touch a portion of the substrate; a separate power supply to create a potential between 
each anode and cathode or the substrate; the portion of the substrate surface will be 

10 plated only when the liquid flow controller and power supply correspondiug to the 
portion of the substrate is turned on at the same time. 

A pparatus 2: One Common LMF C and Multiple Power SuooUes 

In a further aspect of the invention there is provided another apparatus for plating 

15 a thin film directiy on a substrate with a barrier layer on top, comprising: a substrate 
chuck holding the substrate above an electrolyte surface; a motor driving the substrate 
holder up or down to control the portion of the surface area contacting the electrolyte; at 
least two anodes, with each anode being separated by two insulating cylindrical walls, 
the height of the cylindrical walls being reduced along the outward radial direction of the 

20 substrate; one common liquid mass flow controller for controlling electrolyte flowing 
through spaces between each adjacent cylindrical wall to reach the substrate surface; 
separate power supplies to create potential between each anode and cathode or the 
substrate; a portion of die substrate sur&ce is plated only when the anode close to the 
portion of the substrate is powered to positive potential and the rest of anodes are 

25 powered to negative potential and the portion of the substrate is contacted by the 
electrolyte at the same time. After the plating thickness reaches a seed layer set-value, 
the substrate is moved up so that the plated portion is out of the electrolyte. This will 
allow no further plating or etching when other portions of the substrate are plated. 
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only when the portion of the sur&ce is contacted by electrolyte ejected fiom the movable 
anode jet. 

Apparatus 6: Movable Anode with Substrate Immersed m Electrolyte 
S In a further aspect of the invention there is provided another apparatus for plating 

a thin film directly on a substrate with a barrier layer on top, comprising: a substrate 
holder for holding a substrate, with the substrate being immersed in electrolyte; a 
movable anode jet adjacent to the substrate, the movable anode jet being movable 
toward the substrate surfece, whereby the plating current from the anode jet can be 
10 controlled to go to any portion of the substrate; one power supply to create potential 
between the movable anode jet and a cathode or the substrate; a portion of substrate 
surface is plated only when the portion of the substrate is close to the movable anode jet 

Method 7: Plating Metal Film on to Substrate through a Fullv Automation Plating Tool 
15 In a fiuther aspect of the invention there is provided another method for plating a 

thin fihn onto a substrate through a fiilly automated plating tool, comprising: 1) picking 
up a wafer from a cassette and sending to one of stacked plating baths with a robot; 2) 
plating metal fihn on the wafer, 3) after finishing the plating, picking up the plated wafer 
fiom the stacked plating bath with the robot and transporting it to one of the stacked 
20 cleaning/drying chambers; 4) Cleaning the plated wafer, 5) drying the plated wafer; 6) 
picking up the dried wafer fix)m the stacked cleaning^drying chamber with the robot and 
transporting it to the cassette. 

Apparatus 7: Fullv Automated Tool for Plating Metal Film on to Substrate 
25 In a fturther aspect of the invention there is provided a fuUy automated tool for 

plating a metal film onto a substrate, comprising: a robot transporting a wafer, wafer 
cassettes; multiple stacked plating baths; multiple stacked cleaning/drying baths; an 
electrolyte tank; and a plumbing box holding a control valve, filter, liquid mass flowing 
controller, and plumbing. The fiilly automated tool fiirther comprises a computer and 
30 control hardware coupled between the computer and the other elements of the automated 
tool, and an operating system control software package resident on the computer. 
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applying a positive potential on a first anode close to a first portion of the substrate 
surfiice; 2) contacting the first portion of the substrate sur&ce with the electrolyte, so that 
the fihn is plated on the first portion of the substrate surface; 3) when the film thickness 
on the first portion of the substrate surface reaches a pre-set value, fiirther contacting a 
5 second portion of the substrate surface while maintaining electrolyte contact with the 
first portion of the substrate surface; 4) plating the film only on the second portion of the 
substrate surface by applying positive potential on a second anode close to the second 
portion of the substrate surface and applying a sufficient positive potential on the first 
anode close to the first portion of the substrate surface so that the first portion of the 
1 0 substrate surface is not plated but also not deplated; 5) repeating steps 3 and 4 for plating 
a third portion of the substrate while avoiding deplating of the first and second portions 
of the substrate surface; 6) repeating step 4 for successive areas of the substrate surface 
until whole area of the substrate surface is plated with a thin seed layer. 

15 Method 11: Plating thin laver then t hick laver - A portion of wafer is contacted by 

gteQtrolytg at begimmg, md thgn bott^ ptated portiQa md the mA portion of wafer are 

contacted bv electrolyte, and only the next portion of wafer is plated 

In a further zspect of the inv^tion there is provided another method for plating a 
fihn directly on substrate with a barrier lay^ or thin seed layer on top, comprising: 1) 

20 contacting a first portion of a substrate area with aii electrolyte; and 2) plating thin film 
only on the first portion of the substrate surface by applying positive potential on a first 
anode close to the same portion of wafer surface until a plated fihn thickness on the first 
portion of the substrate sur&ce reaches a pre-set value; 3) further contacting a second 
portion of the substrate sur&ce while maintaining electrolyte contact with the fiist 

25 portion of the substrate surface; 4) plating the fihn only on the second portion of the 
substrate surface by applying positive potential on a second anode close to the second 
portion of the substrate surface and applying a sufficient positive potential on the first 
anode close to the first portion of the substrate surface so that the first portion of the 
substrate surface is not plated but also not deplated; 5) repeating steps 3 and 4 for plating 

30 a third portion of the substrate while avoiding deplating of the first and second portions 
of the substrate surface; 6) repeating step 4 until whole area of the substrate surface is 
plated with a thin seed layer, 7) plating a further metal film on the whole wafer at the 
same time by applying positive potential to all anodes and contacting the whole area of 
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around its central av,o =>f „ u ™« Pi^nng bath to rotate 

space between the two cvlinHri.,! ,, . S «cciroiyte flowmg through a 

»oft.r motor drivin. a« . or ll>o mtalme; 

-b^« moved d.™ so^ 
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Apparatus 1 0: Tilting wafer holder around v-axis or x-axis f smgle-anode) 

In a further aspect of the invention there is provided another apparatus for plating 
a fihn directly on a substrate with a barrier layer or fliin seed layer on top, comprising: a 
substrate chuck holding the substrate above an electrolyte surface, the substrate holder 

S being rotatable around a z-axis, and also tiltable around a y-axis or an x-axis; an anode; a 
liquid mass flow controU^ for controlling the electrolyte to contact the substrate; a 
power source to create potential between the anode and a cathode or substrate; a 
peripheral portion of the substrate surface will be plated only when the substrate chuck is 
tilted around the y-axis or x-axis and is rotated around the z-axis so that the peripheral 

10 portion of the substrate is contacted by electrolyte, and the liquid mass flow controller 
and power source are turned on at the same time. 

A pparatus 1 1 : Tiltin g rotation axis of wafer holder fmulti-anodesl 

In a further aspect of the invention there is provided another apparatus for plating 
a film directly on a substrate with a barrier layer or thin seed layer on top, comprising: a 
substrate chuck holding the substrate above an electrolyte surface, the substrate holder 
being rotatable around a z-axis, and also tiltable around a y-axis or an x-axis; at least two 
anodes, each anode being separated by two insulating cylindrical waUs; a separate liquid 
mass flow controller for controlling electrolyte flowing through a space between the two 
cylindrical walls to contact a portion of the substrate; separate power supplies to create 
potential between each anode and cathode or the substrate; a peripheral portion of the 
substrate surface will be plated only when the substrate chuck is tilted around the y-axis 
or X-axis and is rotated around the z-axis so that the peripheral portion of flie substrate is 
contacted by electrolyte, and the liquid mass flow controllers and power source are 
tumed on at the same time. 

Apparatus 12: Rotating plating b ath to form parabolic shape of electrolyte and tilting 
wafer holder around v-axis or x-axis f sinele-anode^ 

In a further aspect of the invention there is provided another apparatus for plating 
30 a film directly on a substrate with a barrier layer or thin seed layer on top, comprising: a 
substrate chuck holding the substrate above an electrolyte surface; a motor driving the 
substrate holder up or down to control the portion of the surface area contacting the 
electrolyte; the substrate holder being rotatable around a z-axis, and also tiltable around a 
y-axis or an x*axis; an anode; a liquid mass flow controller for controlling the electrolyte 

17 
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Wder uo or dol !^ '^"^ """fi"; . n»*,r dnvbg 

electrolyte and is plated contacted by the 

re.- ™. load . , ^ '^^^ "J^ - P»» »^ wafer a ^. „ 
analysis. ' ^ foUowing theoretical 
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The attainment of the foregoing and related objects, advantages and features of 
the invention should be more readily q)parent to those skilled in the art, after review of 
the following more detailed description of the invention, taken together with the 
drawings, in which: 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A is a portion of a prior art plating apparatus, useful for understanding 
the invention. 

Figure IB is a plan view of a substrate shown in Figure 1. 
10 Figure 2 is a corresponding plan view of a substrate during plating in accordance 

with the invention. 

Figure 3 A is a plan view of a portion of a plating apparatus in accordance with 
the invention. 

Figure 3B is a view, partly in cross section, taken along the line 3B~3B in Figure 
IS 3 A, and partly in block diagram form, of a plating z^paratus in accordance with the 
invention. 

Figure 4A is a plan view of a substrate ready for plating in accordance with the 
invention. 

Figure 4B is a cross section view, taken along the line 4A— 4A of the substrate in 
20 Figure 4A. 

Figure S is a set of wavefomi diagrams, useful for understanding operation of the 
Figures 3A-3B embodiment of the mvention. 

Figures 6A and 6B are partial cross section views of plated substrates, useful for 
further imderstandmg of the mvention. 
25 Figures 7 and 8 are additional sets of waveform diagrams, useful for a further 

understanding operation of the Figures 3 A-3B embodiment of the invention. 

Figures 9A-9D are plan views of portions of alternative embodiments of plating 
apparatuses in accordance with the invention. 

Figure 10 is a plot of waveforms obtained in operation of apparatus in 
30 accordance with the invention. 

Figure 11 is a flow diagram for a process in accordance with the invention. 

Figure 12 is a set of waveform diagrams for an another embodiment of a process 
in accordance with the invention. 
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.3A is . pta vi^ Of a parte of a second c.„bodto« „,a pW.g 
WanUsmaccontaco with the invmaon. 

Fi«„ nT T '"'^•'^^'^ "i-g line 13BM3B in 

5 Waausm accordance with the invratioa 

Pism. I4A is a plan view of a porto. of a dntd e„:bodin»n. of a ptatin, 
waus m acconiance with the invention. « pbtag 

Fin,., ur !r ' ' " ™" fl» ««= 14B-14B in 

» VpantomaccoidancewithUieinvention. 

Figu. 15 A is a plan view o, a ^ „f a tea en.fc^„ „, . 
apiwansm accordance with Uie invention. 

Fi^rr. r ^ *n ataig the line .5B-,5B in 

Figure 15A, and party in block diagiam fcn„ of «« u.^- 
mv™,» .. ^ •"">««> anbodunent Of a pladni! 

"Bwratusm accordance widi the invention. 

Fignre 1 6A is a plan view of a porton of a fifth .rt»din,«. of a ptatin. 
apparatesm acconiance wiU, die invention. oi a plalmg 

F-gn. ..^ and party h. block diagran, tb-n, o, d« fi«, e.nbodi.«„ " 
apparanismaccoKlance with the invention. oraplatmg 

Fignre "j across section view of ap«i™ of a iifth »nbodin,.« of aplattag 
apparanis in accordance widi die mvention. 

Figure 18A « a plan view. of a portion of a sixd, embodiment of a plating 
apparanBuiaccortancewidiaKimrtion. <>• a plaftng 

Fianie 7 "^^ *= to 18B-18B in 

^ J8A, and party hi block dia^ ,b„^ ^ ^ ^ 

qjparatus m accordance with the inventioa 

aooarat!'"" ' ' ^^^^ -^-t of a phting 

apparatusinaccordancewiththeinvention. 

Figure 19B is a view, partly in cross section, taken alor« the line 19B-I9B in 
Figure 19A, and partiy in block Hi9o«m,f 

'^^"•''^^^^^fonn-oftheseventhembodimentofaDlatine 
apparatus m accordance with the invention. ^ 
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Figures 20A and 20B are views, partly in cross section and partly in block 
diagram form, of an eighth embodiment of a plating apparatus in accordance with the 
invention. 

Figures 21 A and 2 IB are views, partly in cross section and partly in block 
5 diagram form, of a ninth embodiment of a plating apparatus in accordance with the 
invention. 

Figure 22A is a plan view of a portion of a tenth anbodiment of a plating 
apparatus in accordance with the invention. 

Figure 22B is a view, partly in cross section, taken along the line 22B-22B in 
10 Figure 22 A, and partly in block diagram fomi, of the tenth embodiment of a plating 
^paratus in accordance with the invention. 

Figures 23A and 23B are plan views of a portion of eleventh and twelfth 
embodiments of plating apparatus in accordance with the invention. 

Figure 24A is a plan view of a portion of a thirteenth embodiment of a plating 
1 S apparatus in accordance with the invention. 

Figure 24B is a view, partly in cross section, taken along the line 24B-24B in 
Figure 24A, and partly in block diagram form, of the thirteenth embodiment of a plating 
apparatus in accordance with the invention. 

Figures 25A-25C are plan views of a portion of fourteenth, fifteenth and 
20 sixteenth embodiments of plating ^paratus in accordance with the invention. 

Figure 26A is a plan view of a portion of a seventeenth embodiment of a plating 
apparatus in accordance with the inventioa 

Figure 26B is a view, partly in cross section, taken along the line 26B--26B in 
Figure 26A, and partly in block diagram form, of the seventeenth embodiment of a 
25 plating apparatus in accordance with the invention. 

Figures 27 and 28 are plan views of a portion of eighteenth and nineteenth 
embodiments of plating apparatus in accordance with the invention. 

Figures 29A-29C are plan views of a portion of twentieth, twenty first and 
twenty second embodiments of plating apparatus in accordance with the invention. 
30 Figure 30A is a plan view of a portion of a twenty third embodiment of a plating 

apparatus in accordance with the invention. 

Figure 30B is a view, partly in cross section, taken along the line 30B-30B in 
Figure 30A, and partly in block diagram form, of the twenty third embodiment of a 
plating 2q)paratus in accordance with the invention. 

21 
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Figure 40B is a view, partly in cross section, taken along the line 40B--40B in 
Figure 40A, and partly in block diagram form, of the thirty eighth embodiment of a 
plating apparatus in accordance with the invention. 

Figure 41 A is a plan view of a portion of a thirty ninth embodiment of a plating 
5 apparatus in accordance with the inventiort 

Figure 41B is a view, partly in cross section, taken along the line 41B-41B in 
Figure 41A, and partly in block diagram form, of the thirty ninth embodiment of a 
plating apparatus in accordance with the invention. 

Figure 42A is a plan view of a portion of a fortieth embodiment of a plating 
1 0 apparatus in accordance with the invention. 

Figure 42B is a view, partly in cross section, taken along the line 42B--42B in 
Figure 42 A, and partly in block diagram form, of the fortieth embodiment of a plating 
apparatus in accordance with the invention. 

Figures 43 and 44 are sets of waveform diagrams usefiil for understanding 
1 5 operation of the embodiment of Figures 42A and 42B. 

Figure 4SA is a plan view of a portion of a forty first embodiment of a plating 
apparatus in accordance with the invention. 

Figure 4SB is a view, partly in cross section, taken along the line 45B-45B in 
Figure 45 A, and partly in block diagram form, of the forty first ^bodiment of a plating 
20 apparatus in accordance with the invention. 

Figure 46A is a plan view of a portion of a forty second embodiment of a plating 
apparatus in accordance with the invention. 

Figure 46B is a view, partly in cross section, taken along the line 46B-46B in 
Figure 46A, and partly in block diagram form, of the forty second embodiment of a 
25 plating apparatus in accordance with the invention. 

Figure 47A is a plan view of a portion of a forty third embodiment of a plating 
apparatus in accordance with the invention. 

Figure 47B is a view, partly in cross section, taken along the line 47B-47B in 
Figure 47 A, and partly in block diagram form, of the forty third embodiment of a plating 
30 apparatus in accordance with the invention. 

Figure 48A is a plan view of a portion of a forty fourth embodiment of a plating 
apparatus in accordance with the invention. 
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Figure 49B i, a vinv, party to cmss «ca<»^ ^ . _ . 

apparatus m accordance with the invention 

F^ims 52A-S2C are schematic top, CTMs «cdon ™. ■ 

Fig„,,s54A-5« are sejKmatic top, c^^sectioaatrf aide 
"^"ofaplattogsyatetnioacco.,,^^^^^ v.™ o,a «o,„ 

Figures 55 and 56 are schematic top Views of thiHa„<4f -u . 
» Pl=^.=^i.acco.^„ithfteta.elr^ 

' Figure iT^ l: " —""^ ^ng .he Une in 

• Figure 60A is a plan view of a portion of a forty ninth embodiment of. . f 

apparamsinaccordancewiththeinventioa «»bodmrentofaplatmg 
Figure 60B is a cross section view, partly taken along the line 60B-60B " 

Figure 60A,ofthe forty ninth embodiment of a nlatin.:«„ . ■ ^^""^ 
invention. "PP^ ^'dance with the 
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Figure 61 is a partly cross section and paitly schematic view of a fiftieth 
embodiment of a plating apparatus in accordance with the invention. 

Figures 62-71 are schematic views of fifty first througih sixtieth embodiments of 
plating apparatuses in accordance with the invention. 

5 

DETAILED DESCRIFnON OF THE INVENTION 

Turning now to the drawings, more particularly to Figures 1 A-IB, there is shown 
a portion of a prior art plating apparatus, useftil for understanding the present invention. 

10 Theoretical calculation of potential difference between cente r and edge of wafer during 

conventional plating 

Figs. lA shows a cross section view of a conventional fountain type plating tool 

and a semiconductor wafer 31 with a thin barrier layer 400. The following theoretical 

calculation is for determining the potential difference between the center and the 
15 periphery of the wafer during normal plating. Assuming plating current density on the 

whole wafer surface is the same, the potential difference can be calculated by the 

following formula: 



loPs 

20 V=( )(i2-ro') (1) 



47tro^ 



where: r is the radius (cm), ro is the radius of a wafer (cm), lo is the total plating current 
flow to the wafer (Amp.), ps is the sheet resistance of barrier layer (Q/square), 
25 Assuming the atomic radius = 3 A, then we can calculate that the surface density 

is lEl 5 atom/cm^. The density of current flowing to the wafer can be expressed as: 

2xlE15 qP.R. 
Id=( )( ) (2) 

30 60 Datam 
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I.62E-19 X 2000. 

■ ) = 3.6 E-3 A/cm^ (3) 




1 0 Total cunent flowing to a 200 mm wafer is 

lo = ^ ro% = 3.14X100X3.6E-3 = I.13 Axap. 



15 



Sheet resistance depends on thickness of fij«, 

Sheet resistance at thickness o^^T L "^"^ ^"^''"^ 

ai mickness of 200 A and deposited by a nonnal PVD or CVD methnH 

«ma^geoflOOto300Q/s,ua«.Substituth^above]o=I13Am;^ 
0/square andr = 0 r -in • ^-^^ Amp.,ft= lootoSOO 

>andr 10 cm mto eq.(l). potential difference between the center 



andtheperipheiy(edge)ofthewaferis: 
20 V = 8.96 to 26.9 Volt 



(5) 



'n,enonnalph^gvoltageinaddCuplatingisina«ngeof2to4 Volts Tt 

together with metal ions at the n«,v,K r . '^'^^ 
metalfihn Fo T ' ^ P°or quality of 

voy large resistivity, and poor moiphotogy. 
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As shown in Fig. 2, the invention only plates a portion of wafer at one time. The 
potential difiference between the position at radius ti and the position at radius ri can be 
expressed as: 

5 V21 = I dv = J I dR = J Id(7c X2^ - nri^) (ps /27tr)dr 

= aDPs/2) [ (0.5 T2' - r,' In 12) - (0.5 r,' - ri' In r,) ] (6) 

The worst case is on the periphery of the wafer. Substitute ri= 9 cm^ V2 = 10 cm. Id = 
10 3.6E-3 Amp.(corTesponding to P.R. = 2000 A /min), ps = 100 to 300 fi/square mto 
eq.(6): 

V2i= 0.173 to 0.522 Volts (7) 

15 Hydrogen overvoltage is about 0.83 V. It is clear that no hydrogen comes out during 
plating in accordance with the invention. 

DESCRIPTION OF PREFERED EMBODIMENTS 

20 In describing the variety of embodiments of the invention, corresponding parts in 

different figures are designated with the same reference number in order to minimize 
repetitive description. 

1. Multiple power supplies and multiple LMFCs 

25 

Figs. 3A-3B are schematic views of one embodiment of the apparatus for plating 
a conductive film directly on a substrate with a barrier layer on top in accordance with 
the present invention. The plating bath includes anode rod 1 placed in tube 109, and 
anode rings 2, and 3 placed between cylindrical walls 107 and 105, 103 and 101, 
30 respectively. Anodes 1, 2, and 3 are powered by power suppUes 13, 12, and 11, 
respectively. Electrolyte 34 is pumped by pump 33 to pass through filter 32 and reach 
inlets of liquid mass flow controllers (LMFCs) 21, 22, and 23. Then LMFCs 21, 22 and 
23 deliver electrolyte at a set flow rate to sub-plating baths containing anodes 3, 2 and 1 , 
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respectively. After flowing through the Ban Iv^ 

cylindrical walls 10, ,03 105 m ' 

103, 105, 107 and 109, electrolyte flows back to tank 36 thm..«i. 

~ - .00 - .0., ^ ..t L .r 

«aoWe tank 36 to ieak electmlyte back to ,a»k 36 wha, LMPQ 21 22 21 
clo«4 Bath i™p^ i, ^^u^ 21. 22, 23 a« 

^' z airections shown The T Ayfpro x.- • , 
10 «d«,«amiMio„Soetvoe™a.«n 

r r J • . ««n ana acid or anticoirosion, and contamination fiee mm,« 

Cylmdncal walls 100 1001 in^ in-, . '«™naaon tree pump. 

anti-acid or h ' of electrically insulating 

anti-acid or anti-conosion, and non-acid dissolved n,^oi ^ J' ™™ann& 

15 tet^uoroethylene, polyvinyl chloride fft^ . ^ ^ 
polypropylencordiehke ^ ^' '''^''^ "^"^ ^^^)' 

Figs. 4A-4B show the wafer 31 with barrier layer 203 on t™, tk u ■ 

203 . ^ to ^o„ ^ ^ ^ jrrr:;! 

ntamm, mlride or tartahm nitride are u»d In »H , ^ ^ 
P ■'^"'^P«'tal.lych„san«,n«rtaloffita201fi,rpla.togaCuain, 

step 3: When the thickness of the m-,! • 

thickness turn o<T ^ "'e set-value or 

nuckness, turn off power supply 11 and turn off LMFC 21 

rt"" ' "^^^^ -dpowersupply 12 

Steps. Repeatstep4fbranodel.^X^C23andpowersupplyT3 
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During the above plating process, the power siq)plies can be operated in DC 
mode, pulse mode, or DC pulse mixed mode. In DC mode, the power supplies can be 
operated in a constant current mode, or a constant voltage mode, or a combination of the 
constant current mode and constant voltage mode. The combination of the constant 

S current mode and constant voltage mode means that the power supply can be switched 
from one mode to the other mode during the plating process. Fig 5 shows each power 
on/ofF sequence during a rq}resentative seed layer plating. Tp is called plating time, i.e. 
positive pulse on time during one cycle; Tc is called etching time, i.e. negative pulse on 
time during one cycle. T/Tp is called the etching plating ratio. It is generally in the range 

10 of 0 to 1 . As shown in Fig. 6 A and 6B, a large ratio of Tc/Tp means better gap filling or 
less cusping, but a lower plating rate. A small ratio of T/Tp means a higher plating rate, 
but poor gap filling or more cusping. 



IB. Process steps for succeeding metal plating on the metal seed laver olated m process 
15 lA. 

Step 6: Tum on LMFCs 21, 22, and 23. In principle, the flow rate of electrolyte from 
each LMFC is set as proportional to wafer area covered by the corresponding anode. 
Step 7: After all flow is stabilized, tum on power supplies 11,12, and 13. In principle, 
the current of each power supply is also set as proportional to the waf(^ area covered by 
20 corresponding anode. 

Step 8: Tum off power supplies 11,12, and 13 at the same time when plating current is 
used as thickness uniformity tuning variable. Alternatively, the power siq>plies can be 
turned off at different times for adjusting plating film tiiickness uniformity. 

25 Fig. 7 shows a representative sequence for plating metal fihn on ttie pre-plated 

metal seed layer. As mentioned above, total plating time T3, T2, and Ti can be the same 
when using the plating current as a variable to tune thickness uniformity within wafer, or 
can be different when using plating time to tuning the thickness uniformity within a 
wafer. 

30 The number of anodes can be any number larger than 1 . The more electrodes, the 

better fihn uniformity can be expected. Considering a trade off between the performance 
and cost, the number of the anodes is typically 7 to 20 for plating a 200 mm wafer, and 
1 0 to 30 for plating a 300 mm wafer. 
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AsshovminFig.8.insteadofusingthebipolarpulsewavefom,(a) amodified 
sine-wave pulse wave form (b). a unipolar pulse wave fonn fc) a J 

fonn (d) . a pulse-on-pulse wave form . ^ "^"^ ^'^^ 

^ve form (e). or a duplex pulse wave form (f) can be used 

Inaseedlayerplatingprocess^asequenceofanodea then 
5 anodelisusuallyprefenedbutth. ^ """^^ ^' *^ 2, and then 

/yP^^^>'>"t*eplatmgsequencecanaIsobeasfoUows- 

1) ^odel, then anode 2, and then anode 3; 

2) anode 2, then anode 1. and then anode 3; 

3) anode 2, then anode 3, and then anode 1 ; 

4) anode 3. then anode 1, and then anode 2;' or 
10 5) anodel.thenanode3,andthenanode2' 

.cangle, pe^^ ^ TT!^ 

Fig. 10 shows a mechanism to veri& if the serf l«„ k 
20 aaoss (he whole wafer w ,K . .'^ ""'°^'^'«°°'«»«»«fa«0Bfitai 

SO to looZi " °" " ^-^^ ^ 

pi«ttmg a seed layer is much higher than that aft«- «io*; 
contmuous copper seed laver Thi. r man tiiat after platmg a 

volt.ea.el.oTpotsTJirrr.^t^'""'^'^-'- 
i« . ^' 12andl3asshowninFiff in 

25 layer becomes a continuous fihiL th. ^- 

way. . also can be deteii:rr:r"rr " 

Which area K not covered by a continuous fihn. For 
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fiatho- under condition (2), 
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if V|2 and V13 are close to each other, then the fihn on the wafer area 
above anode 1 is continuous; 

if V12 and V13 are significantly different, then the film on the wafer area 
above anode 1 is not continuous; 
5 3) if Vii, V|2 and V13 are large, then at least the fihn on the wafer area above 

anode 3 is not continuous; 

fiirther under condition (3) 

if V12 and V13 are significantly different, then the film on the wafer areas 
above anode 2 and anode 1 are not continuous; 
10 If Vii and Vn are significantly different, and V12 and V13 are close to 

each other, then the fihn on the wafer area above anode 2 is not continuous, but the fihn 
on the wafer area above area 1 is continuous; 

If Vii and V12 are close to each other, and Vn and V13 are significantly 
different, then the fihn on the wafer area anode 2 is continuous, and the fihn on the wafer 
1 5 area above anode 1 is not continuous. 

If V12 and Vi3 are close to Vn, then the fihn on the wafer areas above 
anode 1 and 2 are continuous. 

Through a logic check as shown in Fig. 11, it can be figured out where the seed 
layer is continuous. Then fiirther seed layer plating can be perfomied. 
20 Fig. 12 shows a process sequence for plating a seed layer with the whole area 

wafer immersed in electrolyte employing the embodiment of Figs. 3A-3B. In the first 
half cycle, the wafer area above anode 3 is in plating mode, and wafer areas above anode 
2 and 1 are in etching mode. In the second half cycle, the wafer area above anode 3 is in 
etching mode, and wafer areas above anodes 2 and 1 are in plating mode. In this way, 
25 part of the platmg current is cancelled by etching current, and therefore total current flow 
to the periphery of the wafer is significantly reduced. Instead of using a bipolar pulse 
wave form, other pulse wave forms as shown in Fig. 7 also can be used. 

Figs. 13A-13B show another embodiment of apparatus for plating a conductive 
fihn in accordance with the present invention. The embodiment of Figs. 13A-13B is 
30 similar to that of Figs. 3A-3B except that LMFCs 21, 22 and 23 are replaced by valves 
51, 52, 53 and LMFC 55. Valves 51, 52 and 53 are on/off valves. The flow rate setting 
of LMFC 55 is detennined by the status of each valve as follows: 



Flow rate setting of LMFC 55 = F.R. 3 x f(valve 51) + 

31 
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F.R.2xf(va]ve52) + 
FR. Ixf(valve53) 

where: lis the flow rate setting for anode 1 FR.2thef, 
5 andFJl.3istheflnn, ♦ • '"^^^^^^^ 'Resetting for anode 2 

fOi. 3 IS the flow rate setting for anode 3. and frvalve#li,th. , 
defined as foUows: ^ ^ fi«»ction 

f(vah.e#)= 1. when valve # is turned on; 

0, when valve # is turned off 

""vau 101 are taken oot,md on/off valves 81 gj « 
->"«ib«„e«*.o„teofLMFCs2U2.23,24anJ..ol36. 

steps: ^-^^aucla^ssofthe conductive film reaches the nr«l.«„ . 

or ^.cloress. tumoffpowersupply 11 andt^offlj^, ' ^ "'^^"^ 

Step4: ^^-tsteplto3foranode3(tumonaiFC22,valves81 83 84 h 
^Ply 12, and turn off LMFCS 21 23 24 valve 82 ' '^^'^ 

ct«, ^ D ' * power supplies 11 13 u\ 

Steps. R^-tstep4foranode2(t«„onLMFC23 ^81 1 ^" 
supply 13, and turn off LMFCS 21 22 . ' ^' P°^«^ 

i^MFCS 21, 22. 24, valve 83. and power supplies 11, ,2, 14). 
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Step 6: Repeat step 4 for anode 1 (turn on LMFC 24, valves 81, 82, 83, and power 
supply 14, and turn off LMFCS 21, 22, 23, valve 84, and power supplies 11,12, 13). 
In the above seed layer plating process, instead of plating fiom the periphery of the 
wafer to the center of the wafer, the plating also can be performed fiom the center to the 
S periphery, or can be performed with a randomly chosen anode sequence. 

2B. Process steps for succeeding metal plating on the metal seed laver plated in process 
2A. 

Step 7: Turn on LMFCS 21, 22, 23 and 24 and turn off valves 81, 82, 83, 84. In 
10 principle, the flow rate of electrolyte from each LMFC is set as proportional to the wafer 
area covered by the corresponding anode. 

Step 8: After all flow is stabilized, turn on power suppUes 11, 12, 13 and 14. In 
principle, the current of each power siQ}ply is set as proportional to the wafer area 
covered by the corresponding anode. 
IS Step 9: Turn off power supplies 1 1, 12,13 and 14 at the same tune when plating current 
is used as thickness uniformity tuning variable. The power supplies can also be turned 
off at different times for adjusting plating film thickness uniformity. 

Figs. 16A-16B show another embodiment of ^aratus for plating a conductive 
20 film in accordance with the present invention. The embodiment of Figs. 16A-16B is 
similar to that of Figs. 15A-15B except that on/off valves 81, 82, 83, 84 are removed, 
and the electrolyte return path is reduced to only one between cylindrical walls 100 and 
103. 

25 3A. Process steps for plating conducti ve film (or se ed laver^ directly on barrier laver. 

Step 1: Turn on LMFC 21 only, turn off LMFCS 22, 23, 24. The whole wafer is 
immersed in the electrolyte. However, only the portion of wafer above anode 4 faces the 
flowing electrolyte fiom LMFC 21 . 

Step 2: After the flow of electrolyte stabilized, turn on power supply 11 to output 
30 positive potential to electrode 4 and turn on power supplies 12, 13, and 14 to output 
negative potential to electrode 3, 2, and 1, respectively. Therefore, positive metal ions 
will be plated only onto the portion of wafer 3 1 above anode 4. 
Step 3: When the thidcness of the conductive film reaches the predetermined set-value 
of thickness, turn off power supply 1 1 and turn off LMFC 21 . 
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S.^ 4: -n™ o. U^^C 22 an, off LMFCS 21, 23. 24. 4is ™y ™ ,^1. 
flowing electrolyte fiom LMFC 22. 

S-^ 5: Rcpca. Step 2 ,0 3 for a^e 3 (ta, on power supply ,2 to o*« p^i^v. 
5 I»'H»»ltomo<te3,an<lpowtrsuppUMll 13 ,MM. 1 "^"P""""* 
ano<le42«,Hi „ ^''"'""•'^■"^'•"""UWnegaave palatial to 

«Me 4, 2, and I, and turn off LMFCS 21, 23, 24). 

Step& Repeal step 4 to 5 for anode 2 (mm on LMFr 7-! 

P«*ive potenaal to anode 2 "™°°"^'^»-«''»»»«WDrl31oo«w 
P ennal to anode 2, and power =^|ies 11, 12. and 14 to mm ,«Bai,e 
pot«tel to anode 4. 3, and 1, and t™, offLMFCS 21 22 24) 

10 Step,: ''=P«^4.o5foranode,(t™onU.K24,'.ndpow.s,W.yl4«,o.tp.t 
^s.nve P^al to anode 1. power snpp„ea „. ,^ ^ ,3 

potenBal>oanode4,3and2,andt™„ffLMFcS2I,22 23) '^'^ 
""P»P-«0'.orcanbep«rtan«,^,^^^^^^ 

Si^ 9. Afier aU flow is stabilize^ ^ou^^n. 12, 13 a.^ ,4 a, 
pnnciple, the cment of each power sunnlv i. - • A " aM 14. In 

cov.™<x .u l»°I»nional to the wafer area 

covered by the corresponding anode. 

SlepIO: Tumoffpowersuppliesll l2I3mHij«.i, 
25 is used as K,, I, • "^wlien plating current 

used ^ the thtctaess nnA»,y »ming »iah,. Also the power supplies can he 

.™«ioffatdiffe,eu.tin»s.^a4„stingpMng«h.«uctaessunifo.^^^ 

/*'''*»>™'l"«bodin,e«„fappa„,tusfcrpla,ingacon*^^^ 

F^.3A.3Be.ctthatadiifts.rring„2isaddedahoveeachanode.o^etheflow 
JO rate uniform along ite cylindrical waU The Mm,^ u 

ao.es Ihroughthe^J^riltdT^" ' ""^ 
oflO%,„«,y^. , *^'°^°'P<™^"«»*^witkpon,sity™ge 
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Figs. 18A-18B show another embodiment of apparatus for plating a conductive 
film in accordance with the present invention. The embodiment of Figs. 18A-18B is 
similar to that of Figs. 3A-3B except that a charge accumulator meter is added to each 
power supply to precisely measure the charge each power supply provides during the 
S plating process. For instance, the total number of atoms of copper can be calculated by 
the accumulated chai^ge divided by two, because copper ions have a valence of two. 

Figs. 19A-19B show another embodiment of apparatus for plating a conductive 
fihn in accordance with the present invention. The embodiment of Figs. 19A-19B is 
similar to that of Figs. 3A-3B except that the number of electrolyte inlets to the plating 
10 bath is two instead of one. This will further enhance the flow rate uniformity along the 
periphery of the cylindrical walls. The number of inlets also can be 3, 4, 5, 6, ... . i.e. any 
number larger than 2 in order to make the flow rate uniform along the periphery of the 
cyUndrical walls. 

Figs. 20A-20B show another embodiment of apparatus for plating a conductive 
15 fihn in accordance with the present invention. The embodiment of Figs. 20A-20B is 
similar to that of Figs. 15A-15B and Figs. 16A-16B, except that flie height of the 
cylindrical walls is increasing along the outward radial direction as shown in Fig. 20A, 
and is reduced along the outward radial direction as shown in Fig. 20B. This provides a 
additional variable to manipulate the flow pattern of electrolyte and plating current in 
20 order to optimize the plating conditions. 

Figs. 21 A-21B show another embodiment of apparatus for plating a conductive 
fibn in accordance with the present invention. The embodiment of Figs. 21A-21B is 
similar to that of Figs. 3A-3B except that the height of the cylmdrical walls is increasing 
along the outward radial direction as shown in Fig. 21A, and is reducing along the 
25 outward radial direction as shown in Fig. 2 IB. This provides an additional variable to 
manipulate the flow pattern of electrolyte and plating current in order to optimize the 
plating conditions. 

Figs. 22A-22B show another embodiment of apparatus for plating a conductive 
fibn in accordance with the present invention. The embodiment of Figs. 22A-22B is 
30 similar to that of Figs. 3A-3B, except that the cylindrical walls can move up and down to 
adjust the flow pattern. As shown m Fig. 22B, cylindrical walls 105 and 107 are moved 
up, so that the electrolyte flows toward the portion of wafer above wall 105 and 107. 
Plating process steps are described as follows: 
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2. Ate flow Of . ^ 

Step 6: TumonLMFCS21 22 anrf -Ji . 

in, ^ . u ' ^ cylindrical walls 101, 103 105 

Stq. 7. After all flow . «n, l»werswta 1 ,. 12. a„d 13. b prt,^,. 

eac. p„w„ , p^o., , ^ ^ _ 

corresponding anode or power supply. «rea oy tne 

Step 8: Turn oflFpower supplies 11 l •? anH 1 1 «♦ *i. 
25 „ceH u- . i J. 12. and 13 at the same time when plating current is 
25 used as the thickness uniformity tuning variable Th 

offnfHiff . ^^^'^^^'^-^e power supplies also can be turned 

offatdifferenttnnesforadjustingplatingfilmthiclcnessumfonmty 

Figs. 23A-23B show another two embodiments of apparatus for platin. a 

conductive film in accordance with the nmspn. • ^ -PP-«^ ^r piatmg a 

sectors can be any number larger than 2 Thp fi,ii 

u- • man 2. The followmg table 2 shows nossihle 

combmationsofanodetot)ower«!imni«.« ^ possible 
to power supply comwctions and each sector to an LMFC 
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Table 2 



Combination type 


Anode connection to power 
supply in each sector 


Sector connection 
toLMFC 


1 


Each anode is connected to an 
independent power supply 


Each sector is connected to an 
independent LMFC 




Par.h annde i<? cnnnefited to an 

independent power supply 


Sectors on the same radius are 
connected to an independent 
LMFC 


J 


1 f <ui^\i.w is i^vf luiw^ twu> wj cut 

independent power supply 


All <!Prtnr^ are connected tn one 

common LMFC 


4 


Anodes on the same radius are 
connected to an indenendent 
power supply 


Each sector is connected to an 
indenendent LMFC 


5 


Anodes on the same radius are 
connected to an independent 
power supply 


Sectors on the same radius are 
connected to an independent 
LMFC 


6 


Anodes on the same radius are 
connected to an independent 
power supply 


All sectors are connected to one 
common LMFC 


7 


All anodes are connected to one 
common power supply 


Each sector is connected to an 
independent LMFC 


8 


All anodes are connected to one 
common power supply 


Sectors on the same radius are 
connected to an independent 
LMFC 


9 


All anodes are connected to one 
common power supply 


All sectors are connected to one 
common LMFC 



5 hi the above table, the operation of combination types 1» 2, 4, and S are the same 

as described above. In the case of combination types 1,2, and 3, the wafer rotating 
mechanism can be eliminated since each anode at a different sector is controlled by an 
independent power supply. For instance, the thickness of the plating film on a portion of 
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-dpi. 500. ,1. «es and anode. „ . „ ' ' 

are multiple holes betwepn h ^- ^ m the same circle. Tliere 
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Tables 



Combination type 


Anode connection to power 

aliuuij ill CavU luuc 


Tube connection 
to I. MFC 


1 


Each anode is connected to an 
independent power supply 


Each tube is connected to an 
independent LMFC 


2, 


nacn anoQc is connecieu 10 oii 
independent power supply 


1 UUCo UIl UIC balllC I cull Uk> oTC 

connected to an independent 
LMFC 


■3 
J 


i^cn anoue is connecico. 10 an 

independent power supply 


twv lUues are connccica lo one 
conunon LMFC 


4 


Anodes on the same radius are 
connccica. xo an inciepena.eni 
power supply 


Bach tube is connected to an 
inuepcnucni La&ir \^ 




/\noacs on mc same raoius are 
connected to an independent 
power supply 


1 UDcs on me some niuius arc 
connected to an independent 
LMFC 


0 


/\noues on me same rauius are 
connected to an independent 
power supply 


uiDcs arc cunnecicu lo unc 
common LMFC 


7 


All anodes are connected to one 
common power supply 


Each tube is connected to an 
independent LMFC 


8 


All anodes are connected to one 
common power supply 


Tubes on the same radius are 
connected to an independent 

LMFC 


9 


All anodes are connected to one 
common power supply 


All tubes are connected to one 
common LMFC 



S In the above table, the operation of combination types 1, 2, 4, and S are the same 

as described above. In the case of combination types 1,2, and 3, the wafer rotating 
mechanism can be? eliminated since each anode at a different tube is controlled by an 
independent power supply. For instance, the thickness of plating film on a portion of the 
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7 « 0 ™ii k J- operation of combination tvoes ^ 

7. 8, 9 will be discussed later in detail ^nwes^.e, 

2. Multiple LMFCs and Single Power Supply 

po«. j„r^^ri,ir ^ 

valv« « ™^off valv«. »7 . " ™«= "Wb- 200. 11. ^ 

Steps: ™™'taWda,e«ofte«mduai«fito^ae^^._, 

or thickiie« (,,„„«■ PWWttnmned set-value 

thictoe., tunioflFpowersupplyaoOandtumoff^^^ 
Step4: Repeatsteplto3forvalves204and216. «^202and218. 
Step 5: Repeat step 4 for valves 206 and 214. 
Step6: Repeatstep4forvalves208and212. 
Step?: Repeat step 4 for valves 210 
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5B. Process steps for succeeding metal plating on the metal seed laver nlatcd in PfPgess 

Step 8: Turn on LMFC 55 and all valves 202, 204, 206, 208, 210, 212, 214, 216, 218, so 
that electrolyte touches the v/bdle wafer area. 
5 Step 9: After all flow is stabilized, turn on power siq>plies 200. 

Step 10: Turn off power supply 200 and all the valves when the fihn thickness reaches 
the set value. The valves can also be turned off at different times with the power supply 
200 turned on for adjusting the plating film thickness unifonnity within the wafer. 

10 Fig. 27 shows another embodiment of apparatus for plating conductive fihn m 

accordance with the present invention. The embodiment of Fig. 27 is similar to that of 
Figs. 26A-26B, except that all valves are placed on the bar 242 with a different radius in 
order to plate metal with better uniformity. Plating process steps are described as 
follows: 

15 

6 A. Process steps for plating conductive fihn ( or seed laver^ directlv on barrier laver. 
Step 1: Turn on pump 33, LMFC 55, and valve 218 as well as drive 30, so that 
electrolyte coining out of valve 218 only touches the peripheral portion of the wafer 
above valve 218. 

20 Step 2: After the flow of electrolyte is stabihzed, turn on power supply 200. Positive 

metal ions will be plated onto the peripheral portion of wafer 3 1 above valve 218. 

Step 3: When the thickness of the conductive fihn reaches the predetermined set-value 

or thickness, turn off power supply 200, LMFC 55 and valve 218. 

Step 4: Repeat step 1 to 3 for valve 204. 
25 Step 5: Repeat step 4 for valve 216. 

Step 6: Repeat step 4 for valve 206 

Step 7: Repeat step 4 for valves 214, 208, 212, and 210, respectively. 

During the above plating process, the power supply 200 can be operated in DC 
mode or any of the variety of pulse modes shown in Fig. 8. 

30 

6B. Process steps for succeeding metal plating on the metal seed laver plated in process 

Step 8: Turn on LMFC 55 and all valves 204, 206, 208, 210, 212, 214, 216, 218, so that 
electrolyte touches the whole wafer area. 
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Steps: Aii.ralIf!o„isaabiliad,ta,„„p„„„^ly2^ 

^ 10: 1^ Off pow« 200 a-d aU valves when d>e flta aicta^ ^ ^ 
^ valves can a,«, ^ ^ 

vll r^ltr '^^ ^ - = c^s sh^e s,n«» ^ 

valves 202 and 218 204 anH oi/; ^^ni- j « "^^uic z^f^^. 

^lo, and 216, 206 and 214 208 anH ^i-j ..i j 

244. All valves c a,. hoHzomal portion of ba, 244 also have a differ- 
*^™.ve.e.po..ofha..44,^v...pCrr.^^ 



"bove valves 2,aLLr o,«. ^ 

""""'^"""'^■"Pk'-lporto.ofwaftrJlabovov.besJ.Sand 

ttackness,nmoffp„wers«pply200,UlFC55«Kivalv«2I8.„d202 
!>l^4: RepeatsKplto36rvalves220and236. 

25 S'«P5:Repeatstep4arvahes204an<l2:6. 

Step 6: Repeat step 4 for valves 222 and 234 

30 "»-:i^rr!::r:™---"-- 
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Step 8: Turn on LMFC 55 and all valves 202, 204, 206, 208, 210, 212, 214, 216, 218, 
220, 222, 224, 232, 234, 236, so that electrolyte touches the whole wafer area. 
Step 9: After all flow is stabilized, turn on power siq>ply 200. 

Step 10: Turn off power suppy 200 and all valves when the film thickness reaches the 
5 set value. The valves can also be turned oflf at different times with the power siq)ply 200 
turned on for adjusting plating fibn tfaidcness uniformity within the wafer. 

Figs. 29A-29C show portions of an additional three embodiments of apparatus 
for plating a conductive fibn in accordance with the present invention. The embodiment 

10 of Fig. 29A is similar to that of Figs. 26A-26B except that the number of bars is 
increased to three. The angle between two adjacent bars is 60*". The embodiment of Fig. 
29B is similar to that of Figs. 26A-26B except that the number of bars is increased to 
four. The angle between two adjacent bars is 45^. The embodiment of Fig. 29C is similar 
to that of Figs. 26A-26B except that the bar is reduced to 0.5, i.e. half a bar. 

1 5 Altematively, the number of bars can be 5, 6, 7, or more. 

The plating step sequence can be started fix)m valves close to the periphery of the 
wafer, or started firom the center of the wafer, or started randomly. Starting firom the 
periphery of the wafer is preferred since the previously plated metal seed layer (with a 
larger diameter) can be used to conduct current for plating the next seed layer (with a 

20 smaller diameter). 

Figs. 30A-30B show another embodiment of apparatus for plating a conductive 
fibn in accordance with the present invention. The embodiment of Figs. 30A-30B is 
similar to that of Figs. 26A-26B except that fixed position valves (jet) are replaced by 
two movable anode jets 254. Anode jets 254 are placed under wafer 3 1 and sit on guide 

25 bar 250. Anode jets 254 inject electrolyte onto a portion of wafer 31, and can move in 
the X direction as shown in Fig. 30B. Fresh electrolyte is supplied through flexible pipe 
258. This embodiment is especially preferred for plating a seed layer. The seed layer 
plating process is shown as follows: 

30 8 A. Process steps for plating conductive fihn for seed laver^ directlv on barrier laver. 

Step 1: Tum on pump 33, LMFC 55 and valves 356 as well as drive 30, so that 
electrolyte coming out of valves 356 only touches the peripheral portion of the wafer 
above valves 356. 
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5 ^t^A AX ^^*y^""'^^C 55, and valves 356. 

Stepl : Same as above 
Step2; Same as above 

K ■ P°^*'°° Of anode jet 254 the r»f. 

Step 4: When anode iet 254 rpn/^k«c *u 

v^uc jci reaches Hie wafer center fiir« 

55, and valves 356. ^ "'^'^^ "^P^^ 200, LMFC 

^igs. :iUA-30B except that wafer 31 ic ^ • 

po-»»fwafe3K,^^^,^,t^;;;j^;*-p'«^-«o„a 
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wafer 3 1 in order to focus plating current on a portion of wafer 3 1 . The gap size is in a 
range of 0.1 nun to S nun, and preferably 1 nun. The process sequence is similar to that 
of Fig. 30. 

Figs. 34A-34D show four embodiments of movable anodes in accordance with 
S the present invention. Fig. 34A shows an anode structure consisting of anode 252 and 
case 262. Case 262 is made of insulator materials such as tetrafluoroethylene, PVC, 
PVDF, or polypropylene. Fig, 34B shows an anode structure consisting of anode 266 
and case 264. The electrolyte is feed through a hole at the bottom of case 264. Fig. 34C 
shows an anode structure consisting of anode 262, electrodes 274 and 270, msulator 
10 spacer 272 and case 262, and power supplies 276, 268. Electrode 274 is connected to 
negative output of power supply 276, and electrode 270 is connected to cathode wafer 
31. The fimction of electrode 274 is to trap any metal ions flowing out of case 262, 
therefore no fihn is plated on the wafer area outside of case 262. The function of 
electrode 270 is to prevent electrical field leakage from electrode 274 to minimize any 
15 etching effect. The embodiment of Fig. 34D is similar to that of Fig.34C except that the 
case 264 has a hole at the bottom for electrolyte to flow through. 

Fig. 35 shows the surface status of a wafer during platmg. Wafer area 280 was 
plated by a seed layer, area 284 is in the process of plating, and wafer area 282 has not 
been plated. 

20 Figs. 36A-36C show an additional three embodiments of apparatus for plating a 

conductive film in accordance with the present invention. The embodiment of Fig. 36A 
is similar to that of Figs. 30A-30B except that the number of bars is increased to three. 
The angle between two adjacent bars is 60**. The embodiment of Fig. 36B is similar to 
that of Figs. 30A-30B except that the number of bars is increased to four. The angle 

25 between two adjacent bars is 45^. The embodiment of Fig. 36C is similar to that of Figs. 
30A-30B except that the number of bars is reduced to 0.5, i.e. half a bar. Altematively, 
the number of bars can be 5, 6, 7 or more. 

The embodiment of Fig. 36D is similar to that of Figs. 30A-30B except that the 
shape of bar 250 is a spiral instead of a straight line. Movable anode jet 254 is movable 

30 along the spiral bar so that good plating uniformity can be achieved without rotating the 
wafer. This simplifies the wafo* chuck mechanism. 

Figs. 37A and 37B show additional two embodiments of apparatus for plating a 
conductive fihn in accordance with the present invention. The embodiments of Fig. 37 A 
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and 37B are similar to that of Fies ^oa ^rm 

IS connected to single power supply 1 1 Piatina nrn.^ ^ 
thisembodimentax^de^^ribedasfollows: ^^^SP^c^s steps usmg 

auu vdives «i,83, and 84 and turn oflFLMFCS 29 9^ j 

orm.clcn«s,tunioffpow«rsupplylla„da„„^yjjpp2, 

Step* R^^lto3forLMFC22(.um<,„uiFC22,valv«,8, 83 u . 

20 Repaa,aep4f„rLMFC23(0.™onUlPca.valv«,8,82 84 . 

-Wlyn.a.dn™offLMFC.21,22,24.v^«83,. ' 
Steps: R=P«.tstq,4forLMFC24(ta>anUffC24 ™lv«81 82 83 . 

-BPlyn,and.™„<rLMrcs2,.22.23and«,«84,. • '""^ 

fa the A,ve seed Jayer ptadng i„„,^ 

" ».e«n.e.„rd,e^„, *ep«.,a,. J^^^l? 7 "'"^ 

PeHpi.e,.o.c.^pe*^,,^^_^~-^'«-.o*. 

» Step 7: •r'™»"LMFa2I.22.23 a»d24«ltonoff«,v« 81 82 8, , 

SlepS: A«eralliI<»sa.ea«Iiz«lton™p^^,y„ 

Step 9: ^™»'rpo»«sWlyn^fefitad^ch«s,e«h..,be«-«,^. 



wo 99/41434 



PCTAJS99/00964 



LMFCs can be turned ofiF at different tunes in order to adjust the plating film 
thickness uniformity as shown in Fig. 39. At time ti, only LMFCs 21, 23, and 24 are 
turned ofi^ and valves 81, 83, and 84 are also tumed off. Therefore, electrolyte does not 
5 touch the wafer except in the area above sub-plating bath 64. As the power supply 11 
remains tumed on, metal ions will be plated only on the area above sub-plating bath 64. 
Then LMFC 22 turns off at time tj. Similarly, LMFC 24 turns on at time U and turns off 
at time t4 to obtain extra plating at the wafer area above sub-plating bath 60. Turn off 
time of t2 and can be fine tuned by measuring wafer thickness uniformity, 

10 Figs. 40A-40B show another embodiment of apparatus for plating a conductive 

film in accordance with the present invention. The embodiment of Figs. 40A-40B is 
similar to that of Figs. 3A-3B except that all anodes are connected to single power 
supply 11. Since the electrolyte only touches the portion of wafer above an anode during 
the seed layer plating process, the plating cuiient will only pass through the anode and 

IS go to that portion of the wafer. The plating process steps are similar to those of Figs. 3A- 
3B with power supply 11 replacing power siqyplies 12 and 13. 

Figs. 41A-41B show another embodiment of apparatus for plating a conductive 
fihn in accordance with the present invention. The embodiment of Figs. 41A-41B is 
similar to that of Figs. 40A-40B except that the cylindrical walls can move up and down 

20 to adjust the flow pattern. As shown in Fig. 41B, cylindrical walls lOS and 107 are 
moved up, so that the electrolyte flows toward the portion of wafer above walls 105 and 
107. The plating process steps for this embodiment are described as follows: 

lOA. Process steps for plating conductive film (or seed layer^ directly on barrier laver . 
25 Step 1 : Tum on LMFC 21 only and move cylindrical walls 101, 103 close to the wafer, 
so that electrolyte only touches the portion of the wafer above cylindrical walls 101 and 
103. 

Step 2: After the flow of electrolyte stabilized, tum on power supply 11. Positive metal 
ions will be plated onto the portion of wafer 31 above cylindrical walls 101 and 103. 
30 Step 3: When the thickness of the conductive film reaches the predetermined set-value 
or thickness, tum off power siqiply 11 and LMFC 21, and move cylindrical walls 101 
and 103 to a lower position. 

Step 4: Repeat step 1 to 3 for cylindrical walls 105 and 107 (LMFC 22, cylindrical walls 
105 and 107). 
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steps: Repeatstep4fi,rtubel09(LMFC23andtubeI09). 



10 



15 



20 



> Step 6: Tmi on IMFC 21 22 anH ^ 

Ste»7- A« r "'^"^^"^''y*««>n«spomimgLMFC 

J>tep 7. After aU flows are stabilized h,m 

Sf<^ 8. A>r '^'^ turn on power suppBes II. 

i^^erpo^^onl^: ttt: " ^ ^ ^ ^ 

detenmnedbyanalv2in.the.v ^'^^^ ^« ^ locations can be 

yandyzmg the thickness unifonnity of theplatedfitoon the wafer. 

3. Multiple Power Supplies and Single LMFC 

Figs. 42A^2B is an embodiment of the appaiatus with ™,.h , 
and a single LMFC for plating a conductive fihn^, T T 
layer on top in accoixiance with ^ ^ ''^^'^ 

42Biss,n, -^ /^°"^^-^*«>ep«sent invention. The embodiment of Figs 42A 
42BissmulartothatofFig 16A-16B except that LMFCs 21 22 2. wo/ 
by a single LMFC 55 ' * ^3 and 24 are replaced 



25 



.30 



s^3:After.e::rrj::::^^^^ 

positive potential to electrode 4 °° """"^ "^'^ " *° ^"'P"^ 

K «> electrode 4, and turn on power suppKes 12 13 anH ia ♦ 
negative potential to electrodes 3 2 , • *° 
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Step 4: Repeat steps 2 to 3 for anode 3 (turn on power siq)ply 12 to ou^ut positive 
potential to anode 3, and power supplies 11, 13» and 14 to output negative potential to 
anodes 2 and 1). 

Step 5: Repeat step 4 for anode 2 (turn on power supply 13 to output positive potential 
S to anode 2, and power supply 14 to output negative potential to anode 1). 

Step 6: Repeat step 4 for anode 1 (turn on power supply 14 to output positive potential 
to anode 1). 

Fig. 43 shows the power supply turn on/off sequence for plating wafer areas 4 
10 (above anode 4), 3, 2, and 1. The power supply output wave forms can be selected from 
a variety of wave forms, such as a modified sine-wave form, a unipolar pulse, a reverse 
pulse, a pulse-on-pulse or a duplex pulse, as shown in Fig. 44. 

In the above seed layer plating process, instead of platmg from the periphery of 
the wafer to the center of the wafer, the plating also can be performed from the center to 
IS the periphery, or can be performed with a randomly chosen anode sequence. 

1 IB. Process steps for succeeding metal plating on the metal seed laver plated in process 
HA 

Step?: TumonLMFCSS. 
20 Step 8: After all flows are stabilized, turn on power supplies 11, 12, 13 and 14. In 
principle, the current of each power supply is set as proportional to the wafer area 
covered by the corresponding anode. 

Step 9: Turn off power supplies 11, 12,13 and 14 at the same time when plating current 
is used as thickness uniformity tuning variable. Alternatively, the power supplies can be 

25 turned off at different times for adjusting plating film thickness unifomiity. 

Fig. 45A-45B is another embodiment of an ^aratus with multiple power 
suppUes and a single LMFC for plating a conductive film directly on a substrate with a 
barrier layer on top in accordance with the present invention. The embodiment of Figs. 
45A-45B is similar to that of Figs. 42A-42B except that the cylindrical walls can move 

30 up and down to adjust flow pattern. As shown in Fig. 45B, cylindrical walls 105 and 107 
are moved up, so that the electrolyte flows toward the portion of the wafer above walls 
105 and 107. The plating process steps with this embodiment are described as follows: 

12A. Process stens for plating conductive film for seed laver^ directly on b arrier laver . 
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1 3 A> Ptqcsss stgps for plating condwtiYg i51m (gr sged layer) <fectly QXk bmier layer. 
Step 1: Turn on LMFC 55 and move cylindrical wall 120 to the highest position, so that 
the electrolyte touches the whole area of wafer 3 1 . 

S Step 2: After fhe flow of electrolyte is stabilized, turn on power supply 11 to output 
positive potential to anode 4, and turn on power supplies 12, 13 and 14 to output 
negative potential to anodes 3, 2, and 1, respectively. Therefore, positive metal ions will 
be plated only onto the peripheral portion of wafer 3 1 above anode 4. 
Step 3: When the thickness of the conductive film on the peripheral portion of the wafer 

1 0 reaches the predetermined set-value or thickness, turn off power supply 1 1 . 

Step 4: Move cylindrical wall 120 to a lower position so that only the peripheral portion 
of the wafer plated by the metal thin film in step 3 is out of the electrolyte. 
Step 5: Repeat steps 2 to 3 for anode 3 (turn on power supply 12 to output positive 
potential to anode 3, and turn on power suppliesl3 and 14 to output negative potential to 

15 anodes 2 and 1). 

Step 6: Move cylindrical waU 120 to the next lower position so that only the peripheral 
portion of the wafer plated by the metal thin fibn in step 5 is out of the electrolyte. 
Step 7: Repeat step 2 to 3 for anode 2 (turn on power supply 13 to output positive 
potential to anode 2, and turn on power supply 14 to ou^ut negative potential to anode 

20 1). 

Step 8: Move cylindrical wall 120 to the neTCt lower position so that only the peripheral 
portion of the wafer plated by the metal thin film in step 7 is out of the electrolyte. 
Step 9: Repeat step 2 to 3 for anode 1 (turn on power si9)ply 14 to output positive 
potential to anode 1). 

25 

13B. Process steps for succeeding metal plating on the metal seed laver plated in process 

Step 10: Turn on LMFC 55, and move cylindrical wall 120 to the highest position, so 
that whole area of wafer 3 1 is touched by the electrolyte. 
30 Step 1 1 : After flow is stabilized, turn on power supplies 1 1, 12, 13, and 14. In principle, 
the current &om each power supply is proportional to the wafer area covered by the 
corresponding anode or power supply. 



51 



wo 99/41434 

PCT/US99/00964 

Step 12: Turn oflF power supplies 11 12 o ^ i>, . 
canbelumedoffaladifflmnihWc. ^- ■ """CMca power supply 

.20 is feed a.^ ft. ,^ " P<»"i<» «f cylindrical wall 

Whole wafe '"^^ " " 

^ly^l^elUiow^Cr H , 

fouows- ' ™°''^"^=^"*«^"'»*»««d«on1«.aa 



15 



25 



30 



<"ioac 4, and turn on power supplies 12 n 1.1 * 
negative potential to anodes 3 2 .„h , ^ *° 

Step 4: Reduce the flow rate of the eIerh«i,H-* 

-od.2»d ,). >3 .4»o«p„,»8a«vepo^,al » 

Step 6: Reduce the flow rate of the elerfmi,^ 

r7-----«-t:ro:oir:r"^-^°"°^*' 

«»I««Saivepotertia,.o anode 1). 



52 



wo 99/41434 PCT/US99/00964 

Step 8: Reduce the flow rate of ttie electrolyte so that only the peripheral portion of the 
wafer plated by the metal thin fihn in step 7 is out of the electrolyte. 
Step 9: Repeat steps 2 to 3 for anode 1 (turn on power supply 14 to oulput positive 
potential to anode 1). 

5 

14B. Process steps for succeeding metal plating on the metal seed laver plated in process 
14A, 

Step 10: Increase the flow rate of the electrolyte so that the whole area of wafer 31 is 
touched by the electrolyte. 
10 Step 11: After flow is stabilized, turn on power supplies 11, 12, 13, and 14. In principle, 
the current from each power supply is proportional to the wafer area covered by the 
corresponding anode or power supply. 

Step 12: Turn off power supplies 11, 12, 13, and 14 at the same time when plating 
current is used as the thickness uniformity tuning variable. Alternatively, each power 
1 5 supply can be turned off at a different time for adjusting the film thickness uniformity. 

Figs. 48A-48B is another embodiment of an s^paratus with multiple power 
supplies and a single LMFC for plating a conductive film directly on a substrate with a 
barrier layer on top in accordance with the present invention. The embodiment of Figs. 

20 48A-48B is sunilar to that of Figs. 47A-47B except that the level of electrolyte is fixed 
and the wafer 31 itself can be moved up and down to adjust the size of the wafer area 
contacted by the electrolyte. Wh«i wafer 31 is moved to the lowest position, the whole 
wafer area is touched by the electrolyte. When the wafer is moved to the highest 
position, only the center area of wafer 31 is contacted by the electrolyte as shown in Fig. 

25 48B. The plating process steps with this embodiment are described as follows: 

15 A. Process steps for plating conductive fihn (or seed laver^ directly on barrier laver. 
Step 1: Turn on LMFC 55, and move wafer 31 to such a position that the electrolyte 
contacts the whole area of wafer 3 1 . 
30 Step 2: After the flow of electrolyte is stabilized, turn on power supply 11 to output 
positive potential to anode 4, and turn on power supplies 12, 13 and 14 to output 
negative potential to anodes 3, 2, and 1, respectively. Therefore, positive metal ions will 
be plated only onto the peripheral portion of wafer 3 1 above anode 4. 
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the cylindrical walls can move up and down to adjust the flow pattern. As shown in Fig. 
49B, cylindrical walls 105 and 107 are moved up, so that flie electrolyte flows toward 
the portion of wafer above walls 105 and 107. The plating process steps with this 
embodiment are described as follows: 

5 

16A. Process steps for plating conductive fihn for seed laver) directly on bamer laver. 
Step 1: Tum on LMFC 55 and move cylindrical walls 101, 103 close to wafer, so that 
the electrolyte only contacts the portion of the wafer above cylindrical walls 101 and 
103. 

10 Step 2: After the flow of electrolyte is stabilized, tum on power supply 11. Positive 
metal ions will be plated onto the portion of wafer 31 above cylindrical walls 101 and 
103. 

Step 3: When the thickness of the conductive fihn reaches the predetermined set-value 
or thickness, tum off power siq)ply 11, and move cylindrical walls 101 and 103 to a 
15 lower position. 

Step 4: Repeat step 1 to 3 for cylindrical walls 105 and.107 (move cylindrical walls 105 
and 107 up close to wafer 31, and tum on power supply 11). 

Step 5: Repeat step 4 for tube 109 (move tube 109 up to close to wafer 31, and tum on 
power supply 11). 

20 

16B. Process steps for succeeding metal plating on the metal seed laver plated m process 
16A. 

Step 6: Tum on LMFC 55, and move all cylindrical walls 101, 103, 105, 107 and tube 
109 up to close to wafer 31. 

25 Step 7: After all flows are stabiUzed, tum on power supply 11. 

Step 8: Move all cylindrical walls down to lower position at the same time, then tum off 
power supply 1 1 when the fihn thickness reaches the predetermined set-value. Each pair 
of cylindrical walls can also be moved down at different times with power supply 1 1 on 
in order adjust the thickness uniformity. For example, as shown in Fig. 49B, cylindrical 

30 walls 105 and 107 are kept at the higher position with power supply 1 1 on. The wafer 
area above cylmdrical walls 105 and 107 will have extra plating film on that portion. The 
extra plating time length and location can be determined by analyzing the thickness 
uniformity of the film on the wafer through later fihn characterization. 



55 



wo 99/41434 

PCT/US99/00964 

S. Other Possible Combinations 

.0 boused. ''"^*^«"'-^«»**»ly.e<.^; 

Willi the present invention as shown in Fie 50 fw a- i» . 
siS"ab,d«e«„r 500 transmits tea,™^ , *^"^-'^''««*>gthicta«s 

to cotnputer 500 to .ocat. the .«„r^', """" 
«»bo,.™„f,,„p^^2.7™ '*''*^'^'°"^"«. 
Kg. 51 is another embodiment of an anno^*, 
20 ""^.me.bodta^iaswJtLlr^:^"'^^"''^ 

*e-fe.ll,.las,b=ao,„fl,^a^^^^ JM-" 

' and returns to detector ^nn tu ^ *^wu^ opucm nber 504 

^ -s.a.._-::rzrrr'^-^-""^ 

auuum, iin. Lead, Iron and Indium can all h*. «!of^ -.i. , 
invention. ^«ium can an be plated with the 



56 



wo 99/41434 



PCT/US99/00964 



of pyrophosphate copper electrolyte is: Copper pyrophosphate, Potassium 
pyrophosphate, Ammonium nitrate, and Ammonia. Considering the process integration, 
acid copper electrolyte is preferred for plating copper on a semiconductor wafer. 

In the case of plating silver, a cyanide electrolyte is used. The basic con:q)Osition 
5 of cyanide electrolyte is: Silver cyanide. Potassium cyanide. Potassium carbonate. 
Potassium hydroxide, and Potassium nitrate. 

In the case of plating gold, a cyanide electrolyte is used. The basic composition 
of cyanide electrolyte is: Potassium gold cyanide. Potassium cyanide, Potassium 
carbonate, Dipotassium monohydrogen phosphate. Potassium hydroxide, 
1 0 Monopotassiimi dihydiogen phosphate, and Potassium nitrate. 

Additives can used to enhance film quality in terms of smooth surfece, small 
grain size, reducing the tendency to tree, small film stress, low resistiveiy, good 
adhesion, and better gap filling capability. In the case of acid copper plating, the 
following materials may be used as additives: glue, dextrose, phenolsulfonic acid, 
1 5 molasses, and thiourea. Additives for cyanide copper plating, include compounds having 
active sulfiir groups and/or containing metalloids such as seleniimi or tellurium; organic 
amines or their reaction products with active sulfur containing compounds; inorganic 
compounds containing such metals as selenium, telliirium, lead, tiiallium, antimony, 
arsenic; and organic nitrogen and sulfur heterocyclic compounds. 

20 

5. System Architecture Design (stacked structure) 

Figures S2A-S2C are schematic views of an enibodiment of a plating system for 
plating a conductive film on semiconductor wafer in accordance with the present 
invention. It is a stand alone, fiiUy computer controlled system with automatic wafer 

25 transfer and a cleaning module wi& wafer dry-in and dry-out capability. It consists of 
five stacked plating baths 300, 302, 304, 306, 308, five stacked cleaning/dry chambers 
310, 312, 314, 316, 318, robot 322, wafer cassette 321, 322, electrolyte tank 36 and 
plumbing box 330. As described above, plating bath 300 consists of anodes, cylindrical 
walls or tube, wafer chuck and a driver to rotate or oscillate wafers during the plating 

30 process. Electrolyte tank 36 includes a temperature control. Plumbing box 330 consists 
of a pump, LMFCs, valves, a filter, and plumbing connections. The plating system 
further includes computer control hardware, a power supply and an operating system 
control software package. Robot 322 has a large z-travel. A telescopic type (stacked) 
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V^on process sequence for tfais anbodiment is described as follows: 
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for succeeding plating on the seed layer. Here, dififerent electrolyte means different acid 
type, different concentration of acid, different additives, different concentration of 
additives or different process temperature. Also, the plating hardware may be different, 
considering seed layer plating needs, such as high density nuclear sites, smooth 
5 morphology, becoming a continuous film at very eariy stage (< a few hundred A), and 
need for a conformal layer. The succeeding plating on the seed layer needs a high plating 
rate, single crystal stmcture, particular grain orientation, and gap filling without voids. 

Instead of cleaning wafers in one chamber, the cleaning process can be 
performed in different chambers. The cleaning process may consists of several steps, 

10 with each step using different solutions or a different concentration of solution, or xising 
different hardware. Instead of mounting robot 322 on the bottom of fiame 301, robot 322 
can be himg upside down onto the top of fi:ame 301. 

Instead of arranging five plating baths and five cleaning/drying chambers, the 
nimiber of plating bath and number of cleaning/drying can be varied fiom 1 to 10 as 

1 5 shown in the following table. 



Type 


1 


2 


3 lllll^^ 


8 


9 


No. of plating bath 


1 


2 


3 IIIJ^ 


8 


9 


No. of cleaning/diying chamber 


9 


8 


7 


liiliiW 2 


1 



The preferred range is shaded in the above table. 

Figs. S4A-S4C are schematic views of another embodiment of a plating system 

20 for plating a conductive fihn on a semiconductor wafer in accordance with the present 
invention. The Figs. 54A-54C embodiment is similar to the embodiment of Figs. 52A- 
52C except that the cassette 320 is moved up and down by a robot 323. The position of 
cassette 320 is moved up and down to match the position of the robot, so that robot 322 
does not need move in the Z direction when picking up an unprocessed wafer fi-om 

25 cassette 320 or putting a plated dry wafer back into cassette 320. This increases the 
transporting speed of robot 

Fig. 55 is a schematic view of another embodiment of a plating system for 
plating a conductive film on a semiconductor wafer in accordance with the present 
invention. Fig. 55 is similar to the embodiment of Figs. 52A-52C except that robot 322 
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in order to obtain a low particle added plating process. Pump 33 should be anti-acid or 
anticorrosion, and contamination fiee pump. Cylindrical walls 100, 1001, 103, 105, 107 
and 109 are made of electrically insulating materials. The materials are also anti-acid or 
anti-corrosion, and non-acid dissolving, metal fiee materials, such as Teflon, CPVC, 
5 PVDF, or Polypropylene. 

16. Process steps for plating a conductive fi lm directly on barrier laver or an ultra-tfain 
seed layer. 

Stepl : Turn on power supply 1 1 , 
10 Step 2: Turn on LMFC 21 only, so that electrolyte only touches portion of wafer above 
anode 3. Positive metal ion will be plated onto the area portion of wafer 3 1 above anode 
3. 

Step 3: When the thickness of conductive film reaches the set-value or thickness, go to 
step 4 with power supply 11 and LMFC 21 on. 
15 Step 4: Repeat steps 1 to 3 for anode 2 (LMFC 22, and power supply 12), go to step 5 
with power supplies 1 1, 12, and LMFCs 21 22 on. 

Step 5: Repeat step 4 for anode 1 (LMFC 23 and power supply 13), When film thickness 
on whole wafer reaches set-value, turn off all power supplies and LMFCs at the same 
time. 

20 

During the above plating process, power supplies can be operated at DC mode, 
or pulse mode, or DC pulse mixed mode. Fig, 59 shows each power supply on/ofif 
sequence during seed layer plating. After completion of step 3, the output voltage of 
power supply 1 1 can be reduced to a level such that no plating or deplating happens on 
25 the portion of wafer above anode 3. Also after completion of step 3, and 4, the output 
voltage of power supphes 11, 12 can be reduced to a level such that total charges 
delivered to anode 3, 2, and 1 during time T3, T2, and Tl meets the following 
requirement: 

Q3 / (area above anode 3) = 
30 Q2 / (area above anode 2) = 

Ql / (area above anodel) = pte-set value 

Where Q3 is total charge delivered to anode 3 during whole plating process, Q2 total 
charge delivered to anode 2, and Ql total charge delivered to anode 1 during the whole 
plating process. 

61 



wo 99/41434 

PCT/US99/00964 

Charge monitors llA l? A w 11 a 

«»n»io.»a»pla«ifito. ^""^'^'"-"na.an.a.rf^gb, cause 

roance wrth the present invention. TTie embodiment of Figs eOA^OR • 
10 similar to fliat of Fiss 5RA sen . oi rigs. 60A-60B is 

(not shown) to form, « K.- ^"^^^'""^ by a mechanism means 

and is rotated around the z-axis. « '"iven m x. y, and z movement, 

20 Stepl : Deliver electrolyte to bath 800; 

Step2: Rotate bath 800 around z-axis at a speed of «z3 t« f 

top of electrolyte; * ^ ^ of a)z2 to fom, a parabolic sur^ on 

Step 3: Tum on power supply 806; 

Step 4: Move the chuck down at a certain sneed imtii * u , 

^ :r::2 2.:rr "^r ™= 

plating. "^"^ *^ *^ *e succeeding 

30 i":r.rrrr-"^-~----... 



62 



wo 99/41434 



PCT/US99/00964 



During the above process, the chuck can be rotated around the z-axis to further enhance 
fibn uniformity. The rotation direction of the chuck is preferred to be opposite to that of 
bath 80. 

Figs. 62 and 63 show another two embodiments of apparatus for plating 
5 conductive fihn in accordance with the present invention. The embodiments of Figs. 62 

and 63 are similar to that of Fig. 61 except that single anode is replaced by multi-anodes. 

The height of insulating walls located at edge is higher than those located at center of 

bath. The advantages of these two embodiments provide additional variables to control 

fibn uniformity across wafer. 
10 Figs. 64 and Fig. 65 show another two embodiments of apparatus for plating 

conductive film in accordance with the present invention. The embodiments of Figs. 64 

and 65 are similar to these of Figs. 62 and 63 except that the height of insulating walls 

located fi-om the center to the edge of the bath are the same. 

Fig. 66 shows another embodiment of apparatus for plating conductive film in 
15 accordance with the present invention. The ^bodiment of Fig. 66 is similar to that of 

Fig. 61 except that chuck 29 can be rotated around the y axis or the x-axis so that only 

peripheral part of wafer is contacted by electrolyte. The rotation angle or tilting angle is 

in the range of 0 to 180 degrees. 

20 18. Process steps for plating conductive fihn directly on barrier laver or ultra>thin seed 
layer. 

Stepl: Deliver electrolyte to bath 800, 

Step2: Rotate chuck 29 around y-axis at an angle Gy, 

Step 3: Rotate chuck 29 around z-axis at a speed of cozl, 
25 Step 4: Turn on power supply 806; 

Step 5: Move chuck 29 down (z-axis) at a certain speed until the whole wafer surface is 

contacted by electrolyte. The speed of chuck moving down determines initial film 

thickness distribution. This initial thickness distribution affects potential across the wafer 

during the succeeding plating. 
30 Step 6: When the film reaches the pre-set value, turn off electrolyte pump, power supply, 

and driving means to drive chuck 29. 
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process steps, after wafer is fully cont^^^ 
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Stepl: Deliver electrolyte to bath 800, 
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Step 5: Turn on power supply 806; 
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anodes. The advantage of these two embodiments is that they provide additional 
variables to control fihn uniformity across the wafer. 

It should fiirtber be zpparcat to those skilled in the art that various changes in 
form and details of the invention as shown and described may be made. It is intended 
S that such changes be included within the spirit and scope of the claims appended hereto. 
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substrate at the same time, and sqiplying plating current to plating electrodes for the first 
and second portions sq}arately. 

8. The method of claim 7 additionally comprising the step of providing a 
5 sufficient current to the first portion of the substrate to prevent deplating after the film 

reaches the desired thickness on the first portion of the substrate while applying the 
plating current to the second portion of the substrate. 

9. The method of claim 7 additionally comprising the step of providing a 
10 sufficient plating voltage to the second portion of the substrate to prevent deplating while 

applying the plating current to the first portion of the substrate. 

10. The method of claim 7 additionally comprising the step of moving the first 
portion of the substrate out of the electrolyte after the film reaches the desired thickness 

IS on the first portion of the substrate while applying the plating current to the second 
portion of substrate. 

11. The method of claim 1 in which the film is plated on the first and the second 
portion of the substrate by flowing electrolyte on the first portion of the substrate while 

20 plating the fihn on the first portion of the substrate, and by flowing electrolyte to the first 
and second portion of the substrate at the same time while plating the film on the second 
portion of the substrate. 

12. The method of claim 11 additionally comprising the step of providing a 
25 sufficient plating voltage to the first portion of the substrate to prevent deplating after the 

film reaches the desired thickness on the first portion of the substrate while applying the 
plating current to the second portion of substrate. 

13. The method of claim 1 in which the film is plated on the first and the second 
30 portion of the substrate by only flowing electrolyte on the first portion of the substrate 

through moving a movable jet anode close to the first portion of substrate; and by only 
flowing electrolyte on the second portion of the substrate through moving a movable jet 
anode close to the second portion of the substrate. 
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20. The method of claim 19 in which the film is plated on the first and second 
portions of the substrate to the desired thickness to give a continuous seed layer, further 
comprising the step of: 

plating an additional thickness on the continuous seed layer to give a continuous film of 
S a second imiform thickness grater tiian the desired thickness of the seed layer on the 
substrate. 

2 1 . The method of claim 1 in which the second portion of substrate is adjacent to 
the first portion of substrate, 

10 

22. The method of claim 1 in which the substrate is a semiconductor wafer. 

23. The method of claim 22 in which the semiconductor wafer is a silicon wafer. 

1 5 24. The method of claim 23 in which the silicon wafer includes a barrier layer on 

its top. 

25. The metiiod of claim 24 in which the barrier layer is titanium, titanium 
nitride, tantalum or tantalum nitride. 

20 

26. The method of claim 24 in which the semiconductor wafer fiirther includes a 
seed layer on top of the barrier layer. 

27. The method of claim 26 in which the seed layer is thicker proximate to a 
25 peripheral area and thinn^ on an inner area of the semiconductor wafer. 

28. The method of claim 22 in which the film comprises interconnects in 
integrated circuits on the semiconductor wafer. 

30 29. The method of claim 28 in which the interconnects are in a damascene 

structure. 

30. An apparatus for plating a film on a substrate, comprising: 
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38. The apparatus of claim 36 additionally comprising a pressure leak valve 
coupled to an outlet of the at least one pump. 

39. The apparatus of claim 36 in which the valves are liquid mass flow control 

valves. 

40. The apparatus of claim 31 in which the at least one control system is 
configured to selectively supply plating current to said at least two anodes. 

41. The apparatus of claim 31 additionally comprising a plurality of electrolyte 
flow channels configured to si^jply the electrolyte to the successive portions of the 
substrate. 

42. The apparatus of claim 41 in which each of said plurality of electrolyte flow 
channels has an inlet and a plurality of nozzles &cihg said substrate holder. 

43. The apparatus of claim 41 in which two adjacent electrolyte flow channels 
comprises at least one electrolyte return path between the two adjacent electrolyte flow 
channels. 

44. The apparatus of claim 30 in which said substrate holder is movable up and 
down for adjusting a gap between said substrate and said anode. 

45. The apparatus of claim 30 in which said substrate holder is osdllatable in a 
horizontal direction during plating. 

46. The qDparatus of claim 30 in which said substrate holder is rotatable around 
an axis vertical to substrate during the plating process. 

47. The apparatus of claim 30 further comprising a temperature control device to 
maintain said electrolyte at a constant temperature during the plating process. 
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two pulse power supplies. "Vi^-ra ai least 
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53. TT,e ^pautus of claim 52 in which the at least two pulse power suppHes are 
op^.«ahipol3rp.e,.o.....e-wav^^ 

pulse or duplex pulse moile. .i~o«^u 
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58. apparatus of claim 57 in which the polygonal shape is a triangle 
square, rectangle or pentagon. ^ ' 
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59. The apparatus of claim 57 in which said anode comprises at least two sub- 
anodes positioned to fonn the circular, elliptical or polygonal shape. 

5 60. The ^aratus of claim 59 in which the sub-anodes are electrically isolated 

fiom each other. 

61. The apparatus of claim 30 in which said control system further includes a 
logic table to check continuity of the film after successive plating of the film on the 

1 0 portions of the substrate. 

62. The apparatus of claim 30 additionally comprising a plurality of electrolyte 
flow channels and in which said at least two flow controllers each comprise a valve and 
an outlet firom one of said plurality of electrolyte flow channels. 

15 

63. The apparatus of claim 62 in which each valve and outlet is radially 
positioned relative to a center of the substrate. 

64. The apparatus of claim 62 in which said plurality of flow controllers each 
20 fiuther comprises a liquid mass flow controller and a pump, and said control system is 

configured to turn off the valve of one of the flow controllers while plating film on the 
portion of said substrate above the outlet of the flow channel controlled by the one of the 
flow controllers. 



25 65. The ^aiatus of claim 62 in which said at least one anode is a single 

electrode. 

66. The apparatus of claim 62 in which said at least one anode comprises at least 
two electrically connected electrodes connected electrically, each of the electrodes being 

30 in a different one of the plurality of electrolyte flow channels. 

67. An apparatus for plating a fihn on a substrate, comprising: 

a substrate holder for positioning the substrate for contact with a plating 
electrolyte; 

73 
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at least one control system coupled to said at least one anode and said at least one 
flow controller to provide electrolyte and plating cunent in combination to successive 
portions of the substrate to provide a continuous, unifoim thickness film on the substrate 
by successive plating of the film on the portions of the substrate. 

5 

74. An apparatus for plating a film on a substrate, comprising: 
a substrate holder for positioning the substrate for contact with a plating 
electrolyte; 

at least one anode for supplying plating current to the substrate; 

10 a flow controller for controlling electrolyte contacting the substrate, said at least 

one flow controller comprising at least three cylindrical walls movable upward toward 
the substrate and downward away from the substrate, to adjust a gap between the 
substrate and each of the cylindrical walls to control one or more portions of the 
substrate contacting the electrolyte; 

IS at least one control system coupled to said at least one anode and said flow 

controller to provide electrolyte and plating current in combination to successive 
portions of the substrate to provide a continuous, uniform thickness fihn on the substrate 
by successive plating of the Sim on the portions of the substrate. 

20 75. The apparatus of claim 74 in which said at least one anode comprises at least 

two anodes. 

76. The apparatus of claim 75 in which said flow controller additionally 
comprises at least two valves for controlling flow of electrolyte to different portions of 

25 the substrate. 

77. An apparatus for plating a fihn on a substrate, comprising: 

a substrate holder for positioning the substrate above an electrolyte surface; 
at least one movable jet anode for supplying plating current and electrolyte to the 
30 substrate, said movable jet anode being movable in a direction parallel to the substrate 
surface; 

at least one flow controller for controlling electrolyte flowing through said 
movable jet anode; 
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83. me apparatus of claim 77 in which said movablejet anode is movable in a 
straightpathparalleltothesubstrate vaoieina 

25 

84. Tl,e apparatus of claim 77 in which said movable jet anode is movable in a 
curvedpathparaUeltothesubstrate. is movable m a 

''•^^^^<'f«=1^84inwhichthecurvedpathisaspiralpatl. 

86. An apparatus forplatingafilmonasubstrate. comprising- 
asubstrateholderfbrpositioningthesubstrateinabodyofelectrolyte; 
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at least one movable jet anode for supplying plating cmrent and electrolyte to the 
substrate, said movable jet anode being movable in a direction parallel to the substrate 
surface; 

a flow controller for controlling electrolyte flowing through said movable jet 

5 anode; 

at least one control system coiq^led to said movable jet anode and said flow 
controller to provide electrolyte and plating current in combination to successive 
portions of the substrate to provide a continuous, imiform thickness film on the substrate 
by successive plating of the film on the portions of the substrate. 

10 

87. The apparatus of claim 86 in which said movable jet anode is movable in a 
straight path parallel to the substrate. 

88. The apparatus of claim 86 in which said movable jet anode is movable in a 
1 S curved path parallel to the substrate. 

89. The apparatus of claim 88 in which the curved path is a spiral path. 

90. The appamtus of claim 86 in which the substrate is positioned horizontally, 
20 adjacent to and under said movable jet anode. 

91 . The apparatus of claim 86 in which the substrate is placed vertically adjacent 
to said movable jet anode. 

25 92. An apparatus for plating a film on a substrate, comprising: 

a substrate holder for positioning the substrate above an electrolyte surface; 
a first drive mechanism coupled to said substrate holder to move said substrate 
holder toward and away fi^m the electrolyte surface to control a portion of a surface of 
the substrate contacting the electrolyte; 
30 a bath for the electrolyte; 

at least one anode mounted in said bath; 

a second drive mechanism coupled to said bath to rotate said bath around a 
vertical axis to form a substantially parabolic shape of the electrolyte surface; 
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98. The ^paratus of claim 96 in which said at least one anode comprises a 
plurality of anodes. 

99. The apparatus of claim 96 in which the third drive mechanism is configured 
5 to tilt the substrate holder in a tilting angle from about 0 to 1 80 degrees. 

100. The apparatus of claim 96 additionally comprising: 

a fourth drive mechanism coupled to said bath to rotate said bath around a 
vertical axis to form a substantially parabolic shape of the electrolyte surface. 

10 

101. A method for plating a film to a desired thickness on a surface of a 
substrate, comprising: 

providing a plurality of stacked plating modules and a substrate transferring 
mechanism; 

IS picking up a substrate fix)m a substrate holder with the substrate transferring 

mechamism; 

loading the substrate mto a first one of stacked plating modules with the substrate 
transferring mechanism; 

plating a fihn on the substrate in the first the one of the stacked plating modules; 
20 returning the substrate to said substrate holder with the substrate transferring 

mechanism. 

102. The method of claim 101, fiirther comprising the step of: 

after plating the film on the substrate, drying the substrate by at least one of 
25 spinning the substrate or directing drying gas onto the substrate. 

103. The method of claim 101 in which at least a second one of the plurality of 
plating modules is a cleaning module, further comprising the steps of: 

after plating, picking up the substrate with the substrate transferring mechanism 
30 fiom the first one of the stacked plating modules; 

placing the substrate into the second one of stacked plating modules for cleaning; 
cleaning the substrate in the second one of the stacked plating modules; and 
drying the substrate in the second one of the stacked plating modules. 
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105. TTieaulomated tool of claim 1 04 fintber comprising- 

at least two cleaning modules positioned in a stacked 
least two plating baths. relationship with said at 

1^ 106. The automated tool of claim mA - ,_• , 
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